UNCLASSIFIED

AD NUMBER
ADA800073
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Qperational Use; 16 APR 1952.

O her requests shall be referred to Naval

Provi ng G ound, Dahlgren, VA Pre-dates fornal
DoD distribution statenents. Treat as DoD only.

AUTHORITY

NSWC notice dtd 14 Aug 1975; NSWC notice dtd 14
Aug 1975

THISPAGE ISUNCLASSIFIED




== A s KAl S U Lt S el . =
¢ : & : g e .- i - e ; S RO T L
' ’ T . 0 '
0 oG B - . 5 L UL IR T PR PR e b e . pows T e e R
‘ B S o o . o o
. : . )

: PUB{"-_IC R‘:LEA’S” -

ﬁ-AND'CgEARED'FOR

'. a.inND'Eg DOy BIRECTIVE 5200 ZQIA‘\I'D
T ’,O.NS?-ARE,. I.Mpe,s,ép UPON
""-ITS_; usE 5AND DISCLOSURE, . _
| STATENENT A B
Ap\ag_@ygp FOR PUBLIC RELEASE; -
BNLIMITED, ﬂ S

R

R s R . 5 5 . S . L - s 3 .
it PP B + - S . o . 5
44 » Bl A . . 2 . R P - -
B . . 5 T
' o ) oo S
\
5o 0n @0 o
- 8 o N e P
o . 2
. 8 . [ .
\ ' .
e s 5 N
2 ¢ !
PN
v : -
e e )




UNCLASSIFIED

AT/ 2057/ /

CLASSIFICATION CHANGED
10 UNCLASSIFIED
FrRoM: CONFIDENTIAL

AUTHORITY:
4//@ 1//;/ joc P;&c < Wea/aoms

B ('en;’e; SadSlcatiow c/a/e/ /5/4“5,;«;7‘25

UNCLASSIFIED




P LTk g TS

T ST S %Y
b
»

;m
&

SIPT,

- 2 W el T W AT WY AT P LD
RS Bl d - Zma: b it i B T o et
d g DY R f
> R e

OTICE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE -

)

ATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING
# THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794.

IE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN

Y MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.

— . AL AT OB D 3 o
|10 \wpt-a arenpey = T et T ————R ST R

U




£D
U. S. HAVAL PROVING: GROUND
DAHLGREN, VIRGINIA
REPORT NO. 953 ) e
WARHEAD CHARACTERISTICS . A
] 5th Partial Report é ‘;»” 2 “"‘““"’i
R - oz e
=z e i
) TERMINAL BALL:*7iC% OF ROD-LAKE FRAGMENTS > = vy o T
. -
Ist Partial Task o ot e
T Report Assignment MNPG-Re3d-4u2-1-52" = r‘m—" g%\'\);,
Copy No. 14 Classification CONFIDEHTIAL e ) il
SECURLTY INFORMATION S s
) ' :
e
////////////////f)
/
5 RETURN T0: g
/ ASTIA REFERENCE CENTER §
; LIBRARY OF CONGRESS ;
5 WASHINGTON 25, p.c. :;‘
2 /

L7700y




f e e v

*

weeess (NFORMATION 1

D RS A A B AR NI Al /S TR IS | NS S R RN T

Ny vt@;.,d.;‘ Sl L . NPG ‘REPORT NO @ 953

Terainal Ballzstics of Rod=Like Fragments

- - -h - - - - - - - - ﬂ ﬂ - ’ - ‘- -l & »e - [ ‘# ~ “ - -~ e - ﬁ- em; ”

{

3 - 3. °
ART A
) 2

1. A program to determine ths terminal bellistics of rod-like
fragments was initiated by the Bureau of Ordnance on the basis
of calculations and tests which indicated thit such fragments

might be more effective in producing’ structural damage to air-

ecraft than conventional fragments. The aims o6f this program
were to achiéve controlled firings of single rods, and subse-
quently to carry out ballistic tests on representative targets
to detérming damage under yarious conditione of attack.

2e Thia report covers the development of methods and attendant
instrimentation to project rods in & reproducible fashién and
over & range of sizes and velocities.

3« hAs & result of this work, a background of information has
been agquired regarding the controlled flight of single rods.
VSpecifically, configurationa have been developed that have
projetted given rods at given velocities from 1500 fto./aec. to
ovar 2000 ft./sec. ,Using these configurations preliminary
structural damage data have been obtained by making shots against

1/4* and 3/89% mild steel and STS plaies, and 1/2“ 2L8=T4 aluminum

‘plates positiened face on and edge ORe
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AUTHORITY:

'ihia test was authorized by references {a), (b), and (e),

RE?ERENCES:

a» BUORD conf ltr 05124+-Re3d-AlM:be of 29 Jaun 1950
Y Taak Asslgnment Nos NPG~Ro3d=4L2«2 of 22 May 1950

¢s Task Assignment Nos NPG~Re3d=L42«1~51 of 22 Dec 1950

de -NPG Réport 662, of- 18 Q¢t 1950
BAOKGROUND:

;1 aireraft damage tests at the New Mex; 20 School of Mlnes,
results appesred to indicate that the structural damage caused

by rod-like fragments could be considerably greater than that due
+9o ¢onventional fragments. .Preliminary studies in warhead design
also indiéated that a rod-~egxpelling configuration night be highly
effective, mherefore, in order that the variong warhesad needs of
the Navy might be considered with regard to this type of fragment,

the

Buréeau of Qrdnance requested the Naval Prov1ng Ground to

investigate the characteristics of rod-like fragments and fragment
producers to obtain pértinent xnformatioa requ;red in making type

and

design choicess

The first phase of the p?ogram was to be the determination of

méthods’ for expelling single rods under controlled conditicns,
consmderlng such problems as reproducibility of path, orientation
and velocity. The next phase of the ihvestigatiocn was to be the
determination of damage to quitable targets, using well»controlled
‘single rodss With a aumber of configurations giving standard
velocities and trajectoriés of rods, the velocity and penetration
davs, limit velocities; and mechanics of rod fragments ave now
being determined as & funcetion of initial velocity, path, geometty

of

the systems, physical prcperties, and the like for various

structure types and mater;als.
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Terminal Ballistics of Rod-Like Fregments

¥

, %+ PERIOD-OF TEST:
,This report covers the period from July 1950 up to April 1951.‘
5, R RESEVTATIVES PRESENT:

During the period reported upon, . representative tests wWere
witnessed and discussed by Dr. Abraham Miller of the Bureau of
Ordnance and Dr. L. F. Wolanetz of The Johns Hopkins Unlveraity,
Applied Phyaica Laboratory.

6+ DESCRIPT ZON OF TEST EQUEPMENT AND PROCEDUR

The first tests weré conducted in order that the nature of
rod flight might be deterained, and utilized methods that set the
basic form {or the subsequent work, In them the rod was get up
',horizontally at a convenient héight and projected broadside by a
layer of explosive backing the 7rod. A4S explosive only CGmposi-
tion G0=3 was used., Screens of 3/16% cardbosrd were set up in
definite poslticns, and the flight of the rod was then determined
by the rod cuts on the screens and the racevered fragments.

The first rods were 1/2" 8square, 15% long, of ¢arbon stsel -
(AISI 1690). The explosive was loaded to depths .of 1/4* and 1/2¢
to the proper density in an alumxuum foil channels, The ¢hannel
had such a depth &s to accomiodate both the rod and explosive.
In assembly a 1/2it wide strip of blotting paper was placed in the
channel bstween the rod and the explosive, for the purpose of’
reducing rod spalling.- The whole assenmbly was tightly held
together with paper tape. D

Enainee*'s special electric blassing cgps were used in
detonating the chargem The method amployed was to insert the cﬁp
xnlosive columno Detonatlons attempted from the middLe of the ,
column reswlted in low order explosiong. ©See Figure 1, Apt andtx(B)
gor get up, and Figure 34, Appendix (p) for recovered rods.e

CONFIDENTIAL -
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For velocity determinations two aluminum foil sandwich contact
sereens operating two 100 kilocycle éloctronic counter ahronographs /
in parallel, were substituted for the plain cepdboard screensi
Average velocities were calculated by dat@rmining the time of fiight

" over a ten foot base line, Figure 2, Appendix (B) skows a achematic

'dlagram ,6f screen detailso

"This set up wWea used wzth little changs other than refinemgnts
being made and firing configurationa heing varied, the latter so
that methods of propelling the rod and fijght tharacteristics
could be inveatigatede. Initially the rods wers backed with é@ither
i/i or 172 deep by 1/2" wide columns of explosive, 15% long,- plus
a small booster charge 2t oné end. By lengthening the columa to
20" a 5" bgoster beyond the rod was obtained which was also.
increased 1in thickness for these narrow celumns, Detailed data
referring to the testa performed make up Table 1T to Table VIII %
Appendix (A)s .

Other modific¢ations made in the rod and explesive configuration
in an attempt to obtain ‘controlled flight are listed in Table I,
Annendix {A§ ‘ :

‘Thege changes resulted in a design which is referred to as »he
irse plate rod guni', In the rod gun the explosive is confined
between 1/2" steel top and bottom plates and a 1/2% square backing
rods In one type of set up the rod is backed by the explosive and
lies between the two platess In &nather the explosive column aléne
is ¢onfinad between the plates with the rod outside the plates and
between twé rodss 4 diagram of a rod gun is included aa Figure 3,
Appendix (B).

One half inch square rods 7" and 15" long, and 3/&" square rods
15" long were eshot by means of one or the other of these methods,
In all the designs so far treated, detonation was achleved by end
initiation and a 5" beoster charge. :

Despiie the sucdess attained in projscting rods, velocity
measurements gave 1nconsistent valiuege It was tnought that outer
rod and plate fragments were' cauging the screens to trigger
erraticalilys To scive this problem, firsts; mord duchils sheel was
substi uted for rod ard plate material since the harder steels

gesmed to fragment excemsively, (Figurs 35, Avbpendix {D)). Secondly,

4 contact sereen was designed that would not be triggered readily
except by rodss . This resulted in the grid contact screen, where
ths egirouit was closed by the rod coming into contact with

neighboring aluminum foil strips,
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- Howgver, it appeared that the sdéfter ateel solved the frag=

kmentatzon problem, end ‘that. the flight of & rod ceuld be controlled,

.»hange»was now made it the velocity séreen set upes Two sets
of screens (édach set with a <eparate cowiter) were employed, The
distance between the start and stop screans ~f a seot was 5¢Y while
the charge to screen distances were varieds The two sefs could be

used either o check one another dby being placed sacross the same
distence or to show velocity charige by cdovering eeparete base 1lines.

The exact weight of the explosive loading was nav obta&ned 80

velocity dependence upon uhis factor would be better known and so

more definite results could be predicted for a given system.
0.06 lb./ln.3 wae the usual density for a loading.

Using the rod gun configuration and sandwich contaét screens
for velocity checking, shooting of rods againsgt stesl and aluminum
plates was commenced. Seven inch rods of 3/4% and 1/2“ square
cross Section were tried but difficulty was encountered in pro+
Jjecting them so that the plates would be hit broadside. Final
results showed that end hits predominated. Shots were made against
plates of 178", 1/4", and 3/8" mild steel and STS: and 1/2% 24S=T4
aluminum with the plates placed bsth face on and on éedge. Fragmeonts
were recovered in a 4 foot by 6 foot by 4 fost sawdust filled box.
Plates were rigidly supporied and velocity scréeens on a five foot
base line were placed before the plates,

After a series of abots against these plates it became evident
that the correct values of rod welocities wers not beéeing obtained.
Plate damage was greater than that to be expected for the measured
velocities, To determine the source ¢f error, shots were made

-uging larger columns of explosive. Velocitles did not wvary greatly

-over the range of explosive weights, but varied erratically beyond

 inaccuracies of geomotrys It was first suspected that screen

triggering by the blast wave wes the cause of these 1nconsistent
values of velocity. Blast shields were utilized but seemed to do
Iittle toward cor?ecting the observed diserepancxes.

In reference (d) velocities meagured by the high-speed caméera
method for rods from & flat plate configuration were Tound théat
cou)d be taken &z the basis along with the Gurney formula for
further checkings These values are SimMarized in Appendix \u),
Table V. These plates consieted of 6% rods held in a plywood
frame and dacked with Composzition 6~3¢ For checking' purposes,

CONFIDENTIAL ‘
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three 7# rodes held in the szme #ized plywood frame and backed by a
smaller amount of éxplosive corresponding to the reduced rod &rea
wére constructed, (Figure 4, Appendix (B%) These were shot under
different conditions in that contact screatis were ugéd for veloclty
measurement and the base line wsé shorter., 1/2% and 3/4% layers of
explosive hacked the rode, Felt was placed between the rods and
the explosive to prevent spalling in somé of the 1/2v layer rounds.
Velocities failéd to check with reference (d). (Compare Table IV
‘with Tables V and VI, Appendix (A)).

The results indicated that the inconsistent velocities were
primarily due to the velocity measuring instruméntation rather
than fragmeiit and blast triggering or ipnaccuracies of loading and
geometry., Since the counters end input leads responded accurately
to check tests, it seemed that the sandwich contact screens were
responsible for the unsatisfactofy performpnce. Further tests
were made to verify this assumption, conducted in a 30% arena with
both coritact screens and cameras to measure rod velocities
(Figure 5, Appendix (B)). :

‘The résults indicated that the contact screens Wers not effec~
tive or reliable triggering dévices.  Tlhe screen velocities obtained
varied erratically and were much lower than the correct valués
‘messured by the ecamera,

One other test was conducted as & final check. Camera &nd
screéns were employed for velocity measurements, The plats shots
reported in reference (d) were duplicated with mors pracision
being followed in the construction &nd loading of the charge and
platé, dnd in the velocity measuring scheme, The valueés measured
'by the contact screens were definitely incorreét while those
;btained with the camerga chocked with reference (d) and Gurney's

ormula.

With the problems of rod projection investigated and solved
except for the veiocity measuring difficulties, sttention was
primarily directed toward developing & convenient and accurate
method of checking velocities. Two lines of attack were followed;
adaption of camera techniques 80 that film records might be taken
at existing laboratory firing facil1ties, and development of new
scireens for counter triggering, - s

CONFIDENTIAL
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The first of those was dccomplished with 1ittle difficulty,
thus enabling the absolute checking of scrépn measiurements, For
the second, it wag nesessary that & scresh be desighed taking into
account. the geonetry oF the rod as well as the desirability of a
sharp, positive triggering action upon rod contact with the screen.
Break scregns were first investigated, 'as well as wireeand-foil
contact screengs. Neither was sat;afactoryo :

. Concurrently with these a modified type of grid scréen was
tested. This design turned out to be more accurate and dependable,

with the secohdary adventege that triggering by blast wave or

extrensous fragments was more difficult, end it was consideéred
that the seréden problen was solvede

In the grid screen, triggering depends upon electrical contact
between two parallel aluminum foil stripe being made through the
rods The first screens of this type had been designed around
fragment control specificationss With fragmentation no longer a
problem the new factors determining the geomeétry of the screen
wore blast effects and the necessity that the rod come into positive
contact with & set of triggéring stripse. The requiréments posed by
thess factors were satisfied by using narrow strips closé tegether
and staplad down firmly. Subsequent use indicated that this screen
was quite adequate. (See Figure 3, Appendix (B)).

From these investigations standard procbdures and methods
giving reproducible performanc¢e evolveds Variations mske use of
these basic¢ components and invelve only slight changs or reposi-
tioning of the élements, .

A description of the standard rod gun and instrumentation

. follows: The charge consists of & 1/2% thick column of Composie

tion C»~3 in 220" long welded channel of 1/2% steel stock., TVaricus
depths (l-—l/2" and less) cover the velocity range from 1000 ft./sec.
to over 2000 fte./sece A& 1/2% square, 15" long steel rod is -
inserted into the channels Both haprdened 1090 and saft 1020 rods,
with identifying merks punched ofh the surface, have been usede

For welocity measurements, two sets of grid screens aré positloned
either both before, or one set before and one set after the targets
Conditions determine the desired distances between screens, target,
and charge. Velocities measured by the lémm high speed camera
method serve as 2 check on the values measured by the screen
method for new rod gun configurations, The path and orientation
of the rod may be checked by cuts cn velocity screeng or by the

CONFIDENTIAL ,
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positioning of additional cardboarde Fragment collection is
accomplished by the wse of a sawdust fiiled box. Targets sré of
aluninun and steel, both in plate form and of such shapea and so
supportéd as to represent structural membéers., Shots are made so
as to hit specific portions of the target at various points along
the rode Secondary targets of lighter steel plate are put up as

the test deméndse.

More speéifically, channels with 1/2%, 3/i%, 10, and 1-3/2%
depths of Compdsition C~3 are veing shote Targets have consisted
of 1/4%, and 3/8% mild steel and STS platea, and 1/2“ 24814
aluminum pl&tes. Additiondl terminal ballistics data are obtained
2y studying the rod fragments collected in the sawdust box after

npact.e .

New configurations are being investigated for obtaining higher
velocitiess In one such, the rod gun is set up vertically and
surrounded by heavy steel blocks on the back and sides. In another,
shorter rods and shorter and wider explosive columns are to be shot
in thé welded channel configuration.

7p RESULTS 'AND DISCUSSION:

‘The main problems ¢onnected with the work reported upon were
determination of the mefhods of firing a single rod, and'investi=-
gation ifito the terminal ballistics of a given rod against a given
targets The first may be further resolved into the chardacteristics
of f riag, the effect of firing upon the rod, velocities which &
given systeim will produce conaistently, and the trajectory to be

. expecteds The results obtained serve %o supply information on these

.pointso

The shots for which velocities were measured by the sandwich
contact screen method alone and whi¢h therefore, owing to screen
failure to trigger properly under the ¢ircumstances encountered,
4id not give the required data aré listed inm Tables I to III,. !
Appéendix (A), together with the characteristics péculiar to them.
Thesé repregentative values show the performance of a given system,
but also indicate the inconsistendies in velocities for a given.
aasembly and between different assemblies due to the use of the
contact screens. Note that the prevailzng velocity is in the
1000-1500 fte/sec. range due to- shock wave or sIOWer fragment
trlggering after the passage of the rod. :
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Target shots are given in more detail with reference to photos
graphs of platés and with the apparent veloclty measursd which may
be compared with that of subsequent téstss Picturés of these
targeb plates appear in Appendix (C) and includs Figures 6 to 25,

\Short rod penetration of bhese plates may be e¥Xplained by the
greater tendency for these rods to Pevolwe horlzontally and thus
hit the plate end Ofie Indications on thé plates and rods show
that such hits occurred-most oftens, A)so the measured vélocities
recorded here are bBelow the true VelOClt568 and thus give incoérrect
information cenéerning limit ‘velocities for broadside peretration
of plates, Consequently higher actual velodities 2s well &s end-
on hitting on the pléates account for the penetrations observed.

‘Following these shots come the tests concerned with determining
the sources of error in theé velcdity measurenient instrumentation
and with their removal, These data make up Tables IV to VI in
Appendix {A) and overlap with the data obtained in development of
new charge configurations, Table VII, Appendix (A)e

- The most recent shots reported upon are the most significant.
Reéproducible velocities under controlled conditions have been
obtained , and may be correlated with the damage data of plates.
An ompirica¥ formulaz has beehn suggested as a basis for calculating
the vefoecities to be expected from a given thickniegs of explosive\
in the welded steel rod gun, that is v = 1835 4f Where t is the
thickness in inches, (Ses F;gure >? kppeﬁeix,\ )5

Data have beefi obtained using these rod guns t¢ project rods
against mild steel, STS, and aluminum plate. The first initial
shots are included in this, report and corresponding information
is found in Appendix 1), Table VIII, and Append;x (C), Fzgures 16

o 25.

: Addltiunal remarks concerniig certamn tests are included in the
appendlcee\when necessary and compleme the discussion and the

,presentatien of the results of this progran for the perlod covered

by this report.

A report now in preparation will cover thé nore recent phases
of this programs An evaluation of the terminal ballistics resulis

will not be attempted here, owing to the preliminary nature of the
test s, .
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| Be It is concluded that a8 a result of thia work a PBackground of
information has been acquired regarding thé controlled flight of

| single rods. Specifically, conflguratlons have been developed

| that have projected given rods at given vélocities from 1500 ftJ%ec

| 10 over 2000 ft,/sec. Using thess configurations prellminary

, structural damage data ‘have been obtainéd by making shots against

| 1/4% and 3/8" nild steel and STS plates; and 1/2w 245<T4 aluminum .

| plates positioned face on and edge ofis
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1. 8ingle rod backed by 1«1/2“ Composition C=30 Rb&;@ﬁégﬁeh%a&;

2, Single rod backed by 1-1/&“ Composition C-3 . &11 in eheet steel
channel. Outside rods on either side of ¢enist rod. Good
fiight.

3. Slotted pipe 1e1% ToeDo, 1489 0sDe, 157 long, containing >
approximately «8 pound Composition C=~3, 15" v¥éd in .the slot
and flush with the éuter surfacee Excesaive fragmentation.

Le One (I%) inéh of 1-1/&" thick charge and single 1020 or 1090
steel rod contained in ,020" sheet aluminumi chanrel, Confine~
mént by 1/2i squarée wooden rods around back of charge and 1/2¢

'SQua?é steel rods around front. Widely varying velocities..

Be. Single fod backéed by IV Composition C=3 4ll in aluminum channel«
Top and bottom confinement. by 27 by 6% by 204 steel plates,
back confinemént by 1/2% thick plate £filling in remaining space
between -the 2% platess Plates and rod fragmented, See
Figure 34, Apperdix (D).

6. Rods strapped to blocks of explosive (explosive confinement -
depénded upon). Rods badly broken up, Velocities listed in
Table I1I, Appendix (A)e Recovered fragments included in -

v Figure 35, Appendix (D). ,

& uSingle rod backed by 1~1/2" wide block all supported on
3/4" piné backing. . .

be ' Same wWith 1/2" to 1% thicknesses of exploszve and with or
without tetryl boosters. o

¢o Rod set flush in 1/2" by X" block of Cdmposﬁtibn €=34

7+ Three (3) roda all backed by explosive in aluminum channel.
, Explosive depth ranging from L/A™ to 2-1/2%, width constant at
1-1/2” Rods marked for détorminition of trajectorles. Outside
rods project 8t angles to the horizontal, céenter rod's flight .
- horizontal with ballistics satisfactory. Confining of charge
by 3/4" thick pine box investigated. See Table II, Appendix (&)
and Figurea 35 and 36 Appwndix (D).
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8. 8ingle rod backed by 1/2" thickness of explosive, 3/&" 1"
and Lel/2% deep. Confinement top and bottom by 1/2% plates,.
in the rear by 1/3" rod, . Désdignated as frés plate rod guns
" Front edge of top and bettom plates s alled giving indesirable
fragments. See Table 11, Appendix'(A Figire 32, Appendix (D}
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CONFIDENTIAL

2L September 1951
1/2" 24,S=-T4 Aluminum Plate.
Figure 6
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CONFIDENTIAL

2L September 1951
3/8" Mild Steel I'late.
Figure 15
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Figure 16
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Figure 18




24, September 1951
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Figure 24
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